



390 (Modified) U.S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 


ATTORNEY'S DOCKET NUMBER 


TRANSMITTAL LETTER TO THE UNITED STATES 


221139US0PCT 






DESIGNATED/ELECTED OFFICE (DO/EO/US) 


US APPLICATION NO (IF KNOWN, SEE 37 CFR 






CONCERNING A FILING UNDER 35 U.S.C. 371 




INTERNATIONAL APPLICATION NO. 1 INTERNATIONAL FILING DATE 


PRIORITY DATE CLAIMED 






PCT/JP00/06566 \ 25 September 2000 


24 September 1999 (earliest) 


TITLE OF INVENTION 




PROCESS FOR DECOMPOSING HARDLY DECOMPOSABLE HARMFUL SUBSTANCES AND AGENT FOR 


DECOMPOSING SAID SUBSTANCES 




APPLICANT(S) FOR DO/EO/US 




Takahiro KAWABATA et al. 




Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information- 


1. 




This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 




2. 


□ 


This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 


3. 




This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include itens (5V (61. 






(9) and (24) indicated below. 




4. 




The US has been elected by the expiration of 19 months from the priority date (Article 31). 


5. 


E3 


A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 








a. □ is attached hereto (required only if not communicated by the International Bureau). 






b. H has been communicated by the International Bureau. 








c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 


6. 




An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)) 






a S is attached hereto. 








b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 




7. 




Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 






a. □ are attached hereto (required only if not communicated by the International Bureau). 






b. □ have been communicated by the International Bureau 








c □ have not been made, however, the time limit for making such amendments has NOT expired. 






d EE3 have not been made and will not be made. 




S. 


□ 


An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 


9. 




An oath or declaration of the mventor(s) (35 U.S.C. 371 (c)(4)). 




10. 


□ 


An English language translation of the annexes to the International Preliminary Examination Report under PCT 






Article 36 (35 U.S.C. 371 (c)(5)). 




11. 


□ 


A copy of the International Preliminary Examination Report (PCT/IPEA/409). 




12. 




A copy of the International Search Report (PCT/ISA/210). 




Items 


13 to 20 below concern documcnt(s) or information included: 




13. 




An Information Disclosure Statement under 37 CFR 1 97 and 1.98. 




14. 


□ 


An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 


15. 


IS 


A FIRST preliminary amendment. 




16. 


□ 


A SECOND or SUBSEQUENT preliminary amendment. 




17. 


□ 


A substitute specification. 




18. 


□ 


A change of power of attorney and/or address letter. 




19. 


□ 


A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2and35 U.S.C. 1.821 - 1.825. 


20. 


□ 


A second copy of the published international application under 35 U S.C 154(d)(4). 


21. 


□ 


A second copy of the English language translation of the international application under 35 U S.C. 154(d)(4). 


22. 


□ 


Certificate of Mailing by Express Mail 




23. 




Other items or information 








Request for Priority/Form PTO-1449 








Application Data Sheet (2 pages) 








PCT/IB/308 








Page 1 of 2 


PCTUS1/REV03 



i no '■mmiPsM^SMB ™i 



U.S. APPLICA TION 



CATION NO (IF KNOWN, C 

10/ 088907 



INTERNATIONAL APPLICATION NO 

PCT7JP00/06566 



ATTORNEY'S DOCKET NUMBER 

221139US0PCT 



The following fees are submitted:. 
BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

] Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO 
and International Search Report not prepared by the EPO or JPO 

] International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO 

] Internationa] preliminary examination fee (37 CFR 1 .482) not paid to USPTO 

but international search fee (37 CFR 1 445(a)(2)) paid to USPTO 

] International preliminary examination fee (37 CFR 1 482) paid to USPTO 
but all claims did not satisfy provisions of PCT Article 33(1 )-(4) 



$1040.00 
$890.00 
$740.00 
$710.00 



International preliminary 
and all claims satisfied provii 



fee (37 CFR 1 .482) paid to USPTO 
of PCT Article 33(1 )-(4) 



$100.00 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS PTO USE ONLY 



charge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1.492 (e)) 



NUMBER FILED 



NUMBER EXTRA 



Multiple Dependent Claims (check if applicable). 



TOTAL OF ABOVE CALCULATIONS 



s 37 CFR 1 27). The fees mdic 



SUBTOTAL 



Processing fee of $130.00 for furnishing the English translation later than 
months from the earliest claimed priority date (37 CFR 1.492 (f)). 



TOTAL NATIONAL FEE = 



Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1) (check if applicable). 



TOTAL FEES ENCLOSED 



o cover the above fees is enclosed. 
in the amount of 



:r the above fees. 



|X| A check in the amount of $1,220.00 

Q Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed 
ED The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 

to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

□ Fees are to be charged to a credit card. WARNING: Information on this form may become public Credit card 

information should not be included on this form. Provide credit card information and authorization on PTO-2038 

NOTE: Where an appropriate time limit under 37 CFR 1 .494 or 1 .495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 

Surlnder Sachar 



Registration No. 34,423 



22850 



SIGNATU 
Norman F. Obion 



NAME 
24,618 



REGISTRATION NUMBER 



Page 2 of 2 



JC13RetfdPCT/PT0 




2 5 MAR 2002 



221139US-0 PCT 



IN THE UNITED STATES PA TENT & TRADEMARK OFFICE 



SERIAL NO: NEW U.S. PCT APPLN 



(BASED ON PCT/JP00/06566) 



FILED: HEREWITH 

FOR: PROCESS FOR DECOMPOSING 
HARDLY DECOMPOSABLE 
HARMFUL SUBSTANCES AND 
AGENT FOR DECOMPOSING 
SAID SUBSTANCES 



ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 



Prior to examination on the merits, please amend the above-identified application as 
follows. 



Please amend the claims as shown in the marked-up copy following this amendment 
to read as follows. 

21 . (Amended) An agent according to Claim 13, wherein the hardly decomposable 
harmful substances are hardly decomposable aromatic compounds having 6 or more carbon 
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TAKAHIRO KAWABATA ET AL 



ATTN: APPLICATION DIVISION 



PRELIMINARY AMENDMENT 



SIR: 



IN THE CLAIMS 
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atoms or hardly decomposable halogenated hydrocarbons having 1 to 4 carbon atoms and at 
least one halogen atom. 

Please add the following new claims. 

24. (New) An agent according to Claim 16, wherein the hardly decomposable 
harmful substances are hardly decomposable aromatic compounds having 6 or more carbon 
atoms or hardly decomposable halogenated hydrocarbons having 1 to 4 carbon atoms and at 
least one halogen atom. 

25. (New) An agent according to Claim 19, wherein the hardly decomposable 
harmful substances are hardly decomposable aromatic compounds having 6 or more carbon 
atoms or hardly decomposable halogenated hydrocarbons having 1 to 4 carbon atoms and at 
least one halogen atom. 

26. (New) An agent according to Claim 24, wherein the hardly decomposable 
aromatic compounds having 6 or more carbon atoms are at least one compound selected from 
dioxins, halogenated biphenyls, bisphenols, alkylphenols, halogenated phenols and esters of 
phthalic acid. 

27. (New) An agent according to Claim 25, wherein the hardly decomposable 
aromatic compounds having 6 or more carbon atoms are at least one compound selected from 
dioxins, halogenated biphenyls, bisphenols, alkylphenols, halogenated phenols and esters of 
phthalic acid. 

28. (New) An agent according to Claim 24, wherein the hardly decomposable 
halogenated hydrocarbons having 1 to 4 carbon atoms and at least one halogen atom are at 
least one compound selected from monochloromethane, dichloromethane, trichloromethane, 
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tetrachloromethane, monochloroethane, dichloroethane, trichloroethane, 
monochloroethylene, dichloroethylene, trichloroethylene and trichloropropylene. 

29. (New) An agent according to Claim 25, wherein the hardly decomposable 
halogenated hydrocarbons having 1 to 4 carbon atoms and at least one halogen atom are at 
least one compound selected from monochloromethane, dichloromethane, trichloromethane, 
tetrachloromethane, monochloroethane, dichloroethane, trichloroethane, 
monochloroethylene, dichloroethylene, trichloroethylene and trichloropropylene. 



REMARKS 

Claims 1-29 are active in the present application. Claim 21 has been amended to 

remove multiple dependency. Claims 24-29 are new claims. Support for the new claims is 

found in the original claims. An action on the merits and allowance of claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



Norman F. Obion 
Attorney of Record 
Registration No. 24,618 




22S50 



Tel.: (703)413-3000 
Fax: (703)413-2220 
NFO:DJP:SUKOS\js 
I:\atty\SUKOS\221 139us-PR.wpd 



Stefan U. Koschmieder 
Registration No. 50,238 
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221139US-0 PCT 

Marked-Up Copy 

Serial No: 

Amendment Filed on: 

IN THE CLAIMS 

—21. (Amended) An agent according to [any one of Claims 13, 16 and 19] Claim 13 
wherein the hardly decomposable harmful substances are hardly decomposable aromatic 
compounds having 6 or more carbon atoms or hardly decomposable halogenated 
hydrocarbons having 1 to 4 carbon atoms and at least one halogen atom. 

Claims 24-29 (New).- 
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DESCRIPTION 



PROCESS FOR DECOMPOSING HARDLY DECOMPOSABLE 
HARMFUL SUBSTANCES AND AGENT FOR DECOMPOSING SAID 
SUBSTANCES 

TECHNICAL FIELD 



The present invention relates to a process for decomposing hardly 
decomposable harmful substances contained in contaminated water and 
soil and an agent used for said process and, more particularly, to a process 



components in agricultural chemicals, raw materials and products of the 
chemical industry and specific chemical substances formed during 
incineration of garbage and industrial waste materials and hardly 
decomposable harmful substances used as cleaning agents in the paper 
and pulp industry and industries related to precision machineries so that 
the above substances are converted into harmless substances, and an 
agent used for said process. 

BACKGROUND ART 

Various hardly decomposable chemical substances which are well 
known to be harmful for human health are discharged into the natural 
environment from incineration apparatuses for city garbage and 
industrial waste materials and from various other incineration 
apparatuses and various instruments. Various organic substances 
adversely affecting the environment are discharged in processes for 




for decomposing hardly decomposable harmful substances such as specific 
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producing chemical substances. The discharge of these harmful 
substances is a great social problem. 

Among these substances, for example, dioxins are hardly 
decomposed by organisms and absorbed into many organisms. It is well 
known that the absorbed substances go through the food chains, are 
accumulated into bodies of animals and concentrated there and cause the 
carcinogenic and the teratogenic effects. 

Methods for suppressing generation of dioxins have been examined 
and proposed. For example, burning exhaust gases from automobiles 
and incineration apparatuses at high temperatures has been proposed. 
However, generation of dioxins cannot be sufficiently suppressed by this 
method. Dioxins released into the atmosphere precipitate on the earth 
together with rain or snow and are accumulated there. No effective 
methods for converting the dioxins staying in the natural environment 
into harmless substances have been found. 

Hardly decomposable phenols have been separated by adsorption 
with active carbon or decomposed with active sludge. However, 
halogenated phenols, alkylphenols, bisphenols and esters of phthalic acid 
have problems in that these compounds are hardly biologically 
decomposed due to the chemical structures and tend to accumulated in 
the environment. These compounds are biologically concentrated 
through the food chains and cause various harmful effects on the human 
being and organisms in the environment. 

On the other hand, in soil in the industrial area in the field of the 
paper and pulp industry and industries related to precision machineries, 
contamination with hardly decomposable harmful substances of 
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halogenated hydrocarbons such as tetrachloroethylene, trichloroethylene 
and dichloroethylene is considered to have spread significantly widely. 
Actually, it is reported in many environmental investigations that the 
hardly decomposable harmful substances were detected. It is considered 
that these hardly decomposable harmful substances residual in soil are 
dissolved into ground water due to rain fall and spread widely in the 
surrounding area. In particular, contamination of the ground water used 
as the source of drinking water has become a serious social problem since 
these substances are suspected to be carcinogenic and stable in the 
environment,. 

Therefore, from the standpoint of the environmental protection, it is 
very important that the hardly decomposable harmful substances are 
decomposed and removed and contaminated aqueous media such as 
ground water, soil and the atmosphere around the contaminated 
materials are cleaned. From the above point of view various technologies 
necessary for the cleaning have been developed. 

For example, decomposition technologies of chemical substances 
hardly decomposable in the natural environment such as dioxins by 
microorganisms have been studied recently. It is reported that enzymes 
decomposing lignin which are produced by some types of microorganisms 
can decompose dioxins [Bio Industry Vol. 15, No. 2, Pages 5 to 13 (1998); 
and Kagaku, Vol. 52, No. 10, Pages 24 and 25 (1997)]. 

It is further shown in the above reports that, concerning the 
decomposition of dioxins by enzymes decomposing lignin which are 
produced by microorganisms, enzymes decomposing lignin produced by 
white rot fungi among wood rot fungi belonging to the basidiomycetes can 
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decompose various chemical substances such as dioxins. It is also shown 
that the white rot fungi grow using polysaccharides such as cellulose and 
hemicellulose which are main components of wood as the nutrients and 
decompose lignin in wood using the polysaccharides as the energy source. 
Therefore, in forest areas where the decay bacteria live, dioxins 
precipitated from the atmosphere together with rain water tend to be 
decomposed with the enzymes decomposing lignin which are produced by 
the decay bacteria. However, since the production of the enzymes 
decomposing lignin by the white rot fungi varies depending on the content 
of the composition of the culture and, in particular, the content of nitrogen 
and on the condition of growth of the white rot fungi, the enzymes 
decomposing lignin are occasionally not produced at all in some 
environment around the white rot fungi. Therefore, producing the 
enzymes decomposing lignin by the white rot fungi has a drawback in that 
the stability is not sufficient. 

On the other hand, it is highly probable that, in the many areas 
except for the forest areas where the white rot fungi live, the 
accumulation of dioxins proceeds further and the adverse effects on living 
things seriously intensify. Under the above circumstances, development 
of a process for decomposing hardly decomposable harmful substances, 
which are contained in exhaust gases, waste water (waste liquid) and ash 
discharged from various plants and incineration apparatuses into the 
natural environment and accumulated in soil contaminated with such 
substances, and converting these substances into harmless substances has 
been strongly desired. 
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DISCLOSURE OF THE INVENTION 

The present invention has an object of providing a process for 
decomposing hardly decomposable harmful substances, which are 
contained in exhaust gas, industrial waste water (waste liquid) and ash 
discharged from incineration apparatuses and manufacturing facilities 
into the natural environment and accumulated in water and soil 
contaminated with such substances, and converting these substances into 
harmless substances by using an enzyme exhibiting excellent stability or 
microorganisms producing the enzyme with stability. 

As the result of extensive researches in view of the above objects, 
the present inventors have found that laccase and microorganisms 
producing laccase are effective for decomposing the above hardly 
decomposable harmful substances. The present invention has been 
accomplished on the basis of this finding. 

The present invention can be summarized as follows: 

(1) A process for decomposing hardly decomposable harmful substances 
which comprises bringing the hardly decomposable harmful substances 
into contact with at least one enzyme or microorganism selected from 
laccase and microorganisms producing laccase! 

(2) A process described in (l), wherein the hardly decomposable harmful 
substances are hardly decomposable aromatic compounds having 6 or 
more carbon atoms or hardly decomposable halogenated hydrocarbons 
having 1 to 4 carbon atoms and at least one halogen atom," 

(3) A process described in (2), wherein the hardly decomposable aromatic 
compounds having 6 or more carbon atoms are at least one compound 
selected from dioxins, halogenated biphenyls, bisphenols, alkylphenols, 
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halogenated phenols and esters of phthalic acid; 

(4) A process described in (2), wherein the hardly decomposable 
halogenated hydrocarbons having 1 to 4 carbon atoms and at least one 
halogen atom are at least one compound selected from 
monochloromethane, dichloromethane, trichloromethane, 
tetrachloromethane, monochloro-ethane, dichloroethane, trichloroethane, 
monochloroethylene, dichloro- ethylene, trichloroethylene and 
trichlorop ropy le ne 

(5) A process described in (l), wherein the microorganisms producing 
laccase is a microorganisms belonging to any genera selected from genera 
of Schizophyllum, Pleurotus, Trametes, Lentinus, Rhizoctonia, Funalia, 
Pycnoporus, Merulius, Myceliophtora, Coprinus, Agaricus, Pholiota, 
Flammulina, Ganoderma, Daedaleopsis, Favolus, Lyophyllum and 
Auricularia; 

(6) A process described in (l), wherein the hardly decomposable harmful 
substances are brought into contact with at least one enzyme or 
microorganism selected from laccase fixed to a support material and 
microorganisms producing laccase and present in combination with a 
support material; 

(7) A process described in (6), wherein the support material is at least 
one support material selected from activated carbon, charcoal, pumice, 
porous ceramics, alginic acid, ion exchange resins and photo-crosslinked 
resins; 

(8) A process described in (6), wherein the support material has a 
cylindrical shape or a sheet shape knitted using polyurethane foam, 
carbon fiber or a synthetic resin of a fiber form; 
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(9) A process described in (l), wherein the hardly decomposable harmful 
substances are decomposed by bringing the hardly decomposable harmful 
substances into contact with laccase fixed to fine particles of a magnetic 
material; 

(10) A process described in (9), wherein the fine particles of a magnetic 
material are fine particles of at least one magnetic material selected from 
maghemite, manganese ferrite, cobalt ferrite, nickel ferrite, zinc ferrite, 
magnetite and chromium dioxide; 

(11) A process described in (l), wherein the hardly decomposable 
harmful substances and at least one enzyme or microorganism selected 
from laccase and microorganisms producing laccase are brought into 
contact with each other in water or soil in pH range of 3 to 11; 

(12) A process for decomposing dioxins which comprises, for decomposing 
dioxins having 1 or more halogen atoms or coplanar PCB, bringing the 
dioxins or the coplanar PCB into contact with at least one enzyme or 
microorganism selected from laccase and microorganisms producing 
laccase in water or soil; 

(13) An agent for decomposing hardly decomposable harmful substances 
which comprises at least one enzyme or microorganism selected from 
laccase and microorganisms producing laccase; 

(14) An agent described in (13), which further comprises a mediator,' 

(15) An agent described in (13), wherein the microorganisms producing 
laccase are microorganisms belonging to any genera selected from genera 
of Schizophyllum, Pleurotus, Trametes, Lentinus, Rhizoctonia, Funalia, 
Pycnoporus, Merulius, Myceliophtora, Coprinus, Agaricus, Pholiota, 
Flammulina, Ganoderma, Daedaleopsis, Favolus, Lyophyllum and 
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Auricularia; 

(16) An agent for decomposing hardly decomposable harmful substances 
which comprises at least one enzyme or microorganism selected from 
laccase fixed to a support material and microorganisms producing 
laccase and present in combination with a support material," 

(17) An agent described in (16), wherein the support material is at least 
one support material selected from activated carbon, charcoal, porous 
ceramics, alginic acid, ion exchange resins and photo-crosslinked resins; 

(18) An agent described in (16), wherein the support material has a 
sheet shape or a cylindrical shape knitted using polyurethane foam, 
carbon fiber or a synthetic resin of a fiber form; 

(19) An agent for decomposing hardly decomposable harmful substances 
which comprises laccase fixed to fine particles of a magnetic material; 

(20) An agent described in (19), wherein the fine particles of a magnetic 
material are fine particles of at least one magnetic material selected from 
maghemite, manganese ferrite, cobalt ferrite, nickel ferrite, zinc ferrite, 
magnetite and chromium dioxide; 

(21) An agent described in any one of (13), (16) and (19), wherein the 
hardly decomposable harmful substances are hardly decomposable 
aromatic compounds having 6 or more carbon atoms or hardly 
decomposable halogenated hydrocarbons having 1 to 4 carbon atoms and 
at least one halogen atom; 

(22) An agent described in (21), wherein the hardly decomposable 
aromatic compounds having 6 or more carbon atoms are at least one 
compound selected from dioxins, halogenated biphenyls, bisphenols, 
alkylphenols, halogenated phenols and esters of phthalic acid; and 
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(23) An agent described in (21), wherein the hardly decomposable 
halogenated hydrocarbons having 1 to 4 carbon atoms and at least one 
halogen atom are at least one compound selected from 
monochloromethane, dichloromethane, trichlorome thane, 

tetrachlorome thane, monochloroe thane, dichloroethane, trichloroethane, 
monochloroethylene, dichloroethylene, trichloroethylene and 
trichloropropylene. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE 
INVENTION 

The preferred embodiments of the present invention will be 
described in the following. 

In the process for decomposing hardly decomposable harmful 
substances of the present invention, the hardly decomposable harmful 
substances are brought into contact with laccase and/or a microorganism 
producing laccase and made harmless by converting into substances 
exhibiting no toxicity or decreased danger to human bodies or other 
animals. 

In the above treatment, the hardly decomposable harmful 
substances may be treated after being separated from exhaust gases or 
waste water (waste liquid) discharged directly from the source, ash formed 
by incineration or contaminated soil. However, since handling of such 
substances is dangerous, it is preferable that the exhaust gas, waste water, 
ash or contaminated soil is treated. 

In the present invention, examples of the hardly decomposable 
harmful substance include hardly decomposable aromatic compounds 
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having 6 or more carbon atoms and hardly decomposable halogenated 
hydrocarbons having 1 to 4 carbon atoms and at least one halogen atom. 

Examples of the hardly decomposable aromatic compound having 6 
or more carbon atoms include dioxins, halogenated biphenyls, bisphenols, 
alkylphenols, halogenated phenols and esters of phthalic acid. 

The dioxins are dioxins having one or more chlorine atoms or 
bromine atoms which are obtained by substituting hydrogen atoms in two 
benzene rings of dibenzo p dioxin or dibenzofuran with chlorine atoms or 
bromine atoms. The dioxins include a great variety of compounds having 
various numbers of chlorine atoms or bromine atoms as the substituents 
at various positions on the benzene rings. 

Among the dioxins, poly chlorinated compounds having 4 or more 
chlorine atoms in one molecule exhibit particularly high toxicity to the 
human body. Examples of such compounds include polychlorinated 
compounds of dibenzo-p-dioxin such as 2,3,7,8-tetrachlorodibenzo-p-dioxin, 
1,2,3,7,8-pentachlorodibenzo-p-dioxin, 
1,2,3, 4,7, 8 - he xachlorodibe nzo - p - dioxin , 

1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin and 
1,2,3,4,6,7,8,9-octachlorodibenzo-p-dioxin; and polychlorinated compounds 
of dibenzofuran such as 2,3,7,8'tetrachlorodibenzofuran, 
1,2,3,7,8-pentachlorodibenzofuran, 2,3,4,7,8-pentachlorodibenzofuran, 

1.2.3.4.7.8- hexachlorodibenzofuran, 1,2,3,6,7,8-hexachlorodibenzofuran, 

1.2.3.7.8.9- hexachlorodibenzofuran, 2,3,4,6,7,8-hexachlorodibenzofuran, 
1,2,3,4,6,7,8-heptachlorodibenzofuran and 
1,2,3,4,6,7,8,9-octachloro-dibenzofuran. 

Examples of the halogenated biphenyl include coplanar PCB's 
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having chlorine atoms at the positions other than the ortho-positions such 
as 3,3',4,4'-tetrachlorobiphenyl, 3,3',4,4',5-pentachlorobiphenyl and 
3,3',4,4',5,5'-hexachlorobiphenyl. 

Among the above chlorinated compounds, 

2,3,7,8-tetrachloro-dibenzo-p-dioxin exhibits the highest toxicity. 

Examples of the bisphenol include 2,2-bis(4-hydroxyphenyl)propane 
and l,l-bis(4-hydroxyphenyl)cyclohexane. Between the above 

compounds, 2,2"bis(4-hydroxyphenyl)propane can be treated 
advantageously in accordance with the process of the present invention. 

Examples of the alkylphenol include nonylphenol, pentylphenol, 
octylphenol and tertiary-butylphenol. 

Examples of the halogenated phenol include dichlorophenol, 
trichlorophenol, tetrachlorophenol and pentachlorophenol. 

Examples of the ester of phthalic acid include dibutyl phthalate, 
butyl benzyl phthalate and di-2-ethylhexyl phthalate. 

In the present invention, examples of the hardly decomposable 
halogenated hydrocarbon having 1 to 4 carbon atoms and at least one 
halogen atom include mono - , di-, tri- and tetrahalogenated methanes, 
halogenated ethanes having 1 to 5 halogen atoms, halogenated ethylenes 
having 1 to 3 halogen atoms and halogenated propylenes having 2 or 3 
halogen atoms. 

Specific examples of the halogenated hydrocarbon include 
monochloromethane, dichloromethane, trichloromethane, 

tetrachloro me thane, monochloroethane, dichloroethane, trichloroethane, 
monochloroethylene, dichloroethylene, trichloroethylene and 
trichloropropylene. Among the above compounds, trichloroethylene is 
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advantageously treated in accordance with the process of the present 
invention. 

Many of the above hardly decomposable harmful substances treated 
in accordance with the process of the present invention are so-called 
exogenous endocrine disruptor which are suspected to be accumulated in 
bodies of animals and cause various problems. These substances are 
chemical substances which are present unevenly in the environment, 
exhibit functions similar to hormones and disturb endocrine gland. 
These substances exhibit great adverse effects on the ecology of animals 
and the human health such as the immunity system, the endocrine 
system and the neurotic system in extremely small amounts. Therefore, 
it is desired that the exogenous endocrine disruptor are decomposed and 
converted into harmless substances. The decomposition process of the 
present invention is effective, in particular, for decomposition of the above 
exogenous endocrine disruptor among hardly decomposable harmful 
substances. 

As the microorganism producing laccase which is used for 
decomposing the above hardly decomposable harmful substances, for 
example, microorganisms exhibiting high productivity of laccase are used. 
Examples of the microorganisms producing laccase include 
microorganisms belonging to any genera selected from genera of 
Schizophyllum, Pleurotus, Trametes, Lentinus, Rhizoctonia, Funalia, 
Pycnoporus, Merulius, Myceliophtora, Coprinus, Agaricus, Pholiota, 
Flammulina, Ganoderma, Daedaleopsis, Favolus, Lyophyllum and 
Auricularia. The microorganism itself may be used or laccase produced 
by the microorganism may be used after separation from the liquid 
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culture in accordance with a process for separation such as the process 
using an ion exchange resin. 

The laccase produced by some of the above microorganisms further 
contains lignin peroxidase and manganese peroxidase which are produced 
in combination with laccase. The laccase containing lignin peroxidase 
and manganese peroxidase produced in combination with laccase can also 
be used as the laccase in the present invention. 

In the present invention, a live microorganism producing laccase or 
a mixture of the live microorganism with laccase separated from the liquid 
culture of the microorganism can be used. The present invention can be 
performed by using any of those described above. However, from the 
standpoint of maintaining the activity of laccase for a long time, it is 
effective that the live microorganism is used. 

When laccase separated from the culture medium of the 
microorganism is used, it is preferable that a mediator is added so that 
the activity of laccase is most effectively exhibited. As the mediator, for 
example, phenol compounds such as 1-hydroxybenzotriazole, aniline 
compounds such as 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) 
and esters of ethoxyfatty acids are preferably used. 

The above microorganism can be cultured in accordance with a 
conventional method of culture. For example, the microorganism can be 
cultured using a liquid culture medium of potato dextrose, a liquid culture 
medium of oat meal or a solid culture medium obtained by mixing wheat 
bran, rice bran, wood chips, barley and rice straw. In the laboratory, the 
culture can be conducted in a culture medium of potato dextrose at 20 to 
40°C for 5 days. For culture in a great scale, ordinary culture in a tank 
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using a liquid culture medium is preferable. The culture may also be 
conducted in accordance with the solid culture using a solid component 
derived from a plant such as whole wheat or an inorganic porous support 
material impregnated with sugar, nitrogen, phosphorus and minerals. 

In the culture of the microorganism, the concentration of 
microorganism in the obtained product of the culture is in the range of 1 X 
10 2 cfu (colony forming unit) or greater, preferably in the range of 1 X 10 2 
to 1 X 10 10 cfu and preferably in the range of 1 X 10 3 to 1 X 10 7 cfu per 1 g 
of the dried organic substances of plants. If the concentration is smaller 
than the above range, there is the possibility that the growth of the 
microorganism is slow when water or soil containing the hardly 
decomposable harmful substances is inoculated with the microorganism 
and that the preferential growth of the inoculated microorganism becomes 
difficult in the presence of other microorganisms already present in the 
water or the soil. 

For the culture of the microorganism, any of hyphae and spores can 
be used. In general, hyphae are used since the culture is easily 
conducted. 

In the present invention, laccase or the microorganism producing 
laccase described above can be used in the form of laccase fixed to a 
support material and/or a microorganism present in combination with a 
support material. Since the activity of laccase can be maintained for a 
long time when laccase or the microorganism is used in the above form, 
the advantageous effects can be obtained in that the decomposition of the 
hardly decomposable harmful substances contained in contaminated 
water with laccase can be conducted with stability for a long time and that 
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the decomposition can be conducted relatively economically. 

As the support material to which laccase is fixed, a support 
material which can easily adsorb and fix laccase is preferable. Examples 
of the support material include activated carbon, charcoal, pumice, porous 
ceramics, alginic acid, ion exchange resins and photo-crosslinked resins. 
As the support material present in combination with the microorganism 
producing laccase, the support materials described above and support 
materials having a cylindrical shape or a sheet shape knitted using 
polyurethane foam, carbon fiber or a synthetic resin of a fiber form are 
preferable. Activated carbon, polyurethane foam and porous ceramics 
are more preferable since disinfection can be conducted easily and the cost 
is low. When a support material comprising alginic acid, a 
photo-crosslinking resin, polyurethane foam, carbon fiber or nylon is used, 
the enzyme produced by the microorganism cannot be fixed although the 
microorganism itself can be fixed. Therefore, in this case, it is preferable 
that a support material which can adsorb and fix the enzyme such as 
activated carbon, charcoal and an ion exchange resin is present in 
combination. 

It is advantageous for enhancing the efficiency of utilization of the 
enzyme or the microorganism that laccase and/or the microorganism is 
fixed and recycled. Waste water can be treated at a low cost when the 
enzyme produced by the microorganism can be continuously adsorbed 
with the support material at the outside of the microorganism while the 
microorganism is allowed to grow. 

When laccase is supported on the support material, it is effective 
that the support material is placed into the culture of the microorganism 
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producing laccase and the produced laccase is adsorbed and fix to the 
support material. In this case, since there is the possibility that the 
support material is contaminated with miscellaneous other 
microorganisms, it is preferable that the support material heated at about 
100 to 120°C in advance for disinfection is used. From the same 
standpoint, it is preferable that the support material treated by heating in 
advance for disinfection is used when laccase is supported on the support 
material. 

In the present invention, it is preferable that laccase is used in the 
form fixed to fine particles of a magnetic material. Since the activity of 
laccase can be maintained for a long time when laccase is fixed in this 
manner, the advantageous effect is exhibited in that the decomposition of 
the hardly decomposable substances contained in contaminated soil or 
water with laccase can be conducted with stability for a long time. 

As the fine particles of a magnetic material for supporting laccase, 
fine particles of at least one magnetic material selected from maghemite, 
manganese ferrite, cobalt ferrite, nickel ferrite, zinc ferrite, magnetite and 
chromium dioxide can be preferably used. It is preferable that the 
diameter of the fine particles of the magnetic material is 100 um or 
smaller and more preferably 10 jam or smaller since uniform dispersion of 
the fine particles into the contaminated soil or water can be achieved 
easily. 

When laccase is supported on the fine particles of the magnetic 
material, it is effective that the fine particles of the magnetic material are 
placed into the culture of the microorganism producing laccase and 
laccase is adsorbed and fixed to the fine particles of the magnetic material. 
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In this case, since there is the possibility that the fine particles of the 
magnetic material are contaminated with miscellaneous other 
microorganisms, it is preferable that the fine particles of the magnetic 
material treated by heating at about 100 to 120°C in advance for 
disinfection are used. When it is necessary that the fine particles of the 
magnetic material to which laccase is fixed in the culture of the 
microorganism be separated and recovered from the culture, the fine 
particles of the magnetic material can be separated and recovered easily 
by applying magnetic force. 

When laccase fixed to the fine particles of the magnetic material is 
brought into contact with soil contaminated with the hardly decomposable 
harmful substances, it is preferable that the fine particles of the magnetic 
material to which laccase is fixed is mixed in an amount of 10 mg or more 
and more preferably 100 mg or more per 1 kg of the soil contaminated 
with the hardly decomposable harmful substances. The greater the 
amount of the fine particles of the magnetic materials, the greater the 
effect. However, even when the fine particles of the magnetic material is 
added in an amount exceeding 10 g per 1 kg of the contaminated soil, the 
effect is not exhibited to the degree expected from the added amount and 
the cost of the treatment of the contaminated soil increases. When the 
fine particles of the magnetic material is brought into contact with water 
contaminated with hardly decomposable harmful substances, it is 
preferable that the fine particles of the magnetic material to which laccase 
is fixed is mixed in an amount of 0.5 mg or more and more preferably 1 mg 
or more per 1 liter of the water contaminated with the hardly 
decomposable harmful substances. Even when the fine particles of a 
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magnetic material is added in an amount exceeding 5 g per 1 liter of the 
contaminated water, the effect is not exhibited to the degree expected 
from the added amount and the cost of the treatment of the contaminated 
water increases. 

It is preferable that the decomposition of the hardly decomposable 
harmful substances by bringing the above microorganism or laccase 
produced by the microorganism into contact with the substances is 
conducted at a reaction temperature in the range of 10 to 85°C and more 
preferably in the range of 20 to 85°C. When the reaction temperature is 
lower than 10°C, growth of the microorganism is slow in the water or the 
soil and the reaction of laccase is also slow. When the reaction 
temperature exceeds 85°C, the enzyme occasionally tends to be 
deactivated. 

When the above reaction is conducted, it is preferable that the 
above hardly decomposable harmful substances are brought into contact 
with laccase or the microorganism producing laccase in the water or the 
soil. It is preferable that pH of the water or the soil containing the 
hardly decomposable harmful substances is adjusted in the range of 3 to 
11 and more preferably in the range of 3.5 to 10.5. When pH is smaller 
than 3, the reaction of laccase is slow. When pH exceeds 11, the reaction 
of laccase is slow and laccase tends to be deactivated. Therefore, when 
the water or the soil has pH at the outside of the range of 3 to 11, it is 
preferable that pH is adjusted into the above range by adding an organic 
or inorganic acid or an alkaline substance so that the reaction of laccase 
takes place smoothly. 

In the decomposition of the hardly decomposable harmful 
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substances described above, a copper compound may further be added in 
combination with laccase or the microorganism. As the copper compound, 
for example, copper sulfate or copper chloride is preferably used. It is 
preferable that the concentration of the copper compound is adjusted in 
the range of 0.01 to 1 mmole/liter of the water or the soil containing the 
hardly decomposable harmful substances. By the addition of the copper 
compound, productivity and stability of laccase are improved. 

When the treatments for decomposition of the hardly decomposable 
harmful substances described above are completed, the microorganism 
fixed to the support material, the enzyme fixed to the support material, 
the microorganism suspended in the medium and the nutrients are 
separated from the treated water by a filter or a centrifuge. Water 
obtained after the treatment can be released to the outside as the ordinary 
waste water. The microorganism fixed to the support material, the 
enzyme fixed to the support material, the microorganism suspended in the 
medium and the nutrients which have been separated above can be 
recycled and reused. 

As described in detail in the above, in accordance with the present 
invention, the hardly decomposable harmful substances which are 
contained in exhaust gas, industrial waste water (waste liquid) and ash 
discharged from incineration apparatuses and manufacturing facilities 
into the natural environment and accumulated in water and soil 
contaminated with such substances can be effectively decomposed and 
converted into harmless substances by the microorganism producing 
laccase which exhibits excellent stability of production of the enzyme or 
laccase produced by the microorganism. 
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The present invention will be described more specifically with 
reference to examples in the following. 

Example 1 

(1) Culture of a microorganism producing laccase 

Into an Erlenmeyer flask having an inner volume of 250 ml, 50 ml 
of a liquid culture medium prepared by dissolving 24 g of potato dextrose 
in 1 liter of city water was placed. After the flask was tightly sealed with 
a silicone stopper, the culture medium was disinfected at 121°C for 20 
minutes. 

The culture medium in the above flask was cooled to the room 
temperature and inoculated with Schizophyllum commune: IFO 6505 as 
the microorganism producing laccase in an amount of one platinum 
microspoonful. The liquid culture obtained by the inoculation of the 
microorganism producing laccase was left standing and cultured at 28°C 
for 14 days. 

(2) Measurement of the laccase activity 

To a solution containing 100 mmole of a malonic acid buffer 
solution adjusted at a pH of 4.5, the liquid culture obtained in (l) 
described above was added. To the resultant mixture, 2 mmole of 
4-aminoantipyrin and 1 mmole of phenol were added and the reaction was 
allowed to proceed at 30°C. 

When the reaction was completed, the absorbance of light having a 
wavelength of 500 nm was measured. The laccase activity was obtained 
from the difference in the absorbance before and after the reaction. 

The laccase activity was expressed as follows: when the absorbance 
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through an optical path having a length of 1 cm increased by 1 in one 
minute, the amount of laccase which gave rise to such an increase was 
expressed as 1 unit. As the result of the measurement, the laccase 
activity of the culture obtained in (l) described above was found to be 7.5 
units/g of the dried product. 
(3) Decomposition of dioxins 

Into an Erlenmeyer flask having an inner volume of 250 ml, 50 ml 
of a liquid culture medium prepared by dissolving 24 g of potato dextrose 
in 1 liter of city water was placed. 

To the resultant culture medium, 0.24 ml of a solution prepared by 
mixing the same amounts of a nonane solution containing 
2,3,7, 8-tetrachlorodibenzodioxin and a nonane solution containing 
2,3,7,8-tetrachlorodibenzofuran each having a concentration of 100 ug/2.4 
ml was added and, to the obtained mixture, 100 ng of 
polyoxyethylenesorbitan monooleate [manufactured by KAO ATLAS Co., 
Ltd.; TWEEN 80] as the surfactant was added. After the flask was 
tightly sealed with a silicone stopper, the culture medium was disinfected 
at 121°C for 20 minutes. 

The culture medium prepared above was inoculated with 
Schizophyllum commune: IFO 6505 as the microorganism producing 
laccase in an amount of one platinum microspoonful. The liquid culture 
obtained by the inoculation of the microorganism producing laccase was 
left standing and cultured at 28°C for 20 days, during which the liquid 
culture was stirred slowly once in two days. 

When the culture was completed, 50 ml of toluene was added to the 
flask and the decomposition of dioxins with laccase was stopped. The two 
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types of dioxins added in the above were extracted and measured using 
the GCMS. 

For comparison, the same procedures as those described above were 
conducted without adding the microorganism producing laccase. The 
residual amount of a dioxin obtained in this run was set at the value of 
100 and the rate of decomposition of the dioxin with Schizophyllum 
commune described above was calculated in accordance with the equation: 
[(residual amount of a dioxin when no microorganisms were 
added - residual amount of the dioxin when a microorganism 
was added) / the residual amount of the dioxin when no 
microorganisms were added] X 100 
The rates of decomposition by Schizophyllum commune described above 
were found to be as follows: 2,3,7,8-tetrachlorodibenzodioxin: 72%; and 
2,3,7,8- tetrachlorodibe nzofuran: 81%. 

Example 2 

(1) Culture of a microorganism producing laccase 

The same procedures as those conducted in Example 1 (l) were 
conducted except that Trametes versicolor: IFO 4941 was used as the 
microorganism producing laccase. 

(2) Measurement of the laccase activity 

The laccase activity was obtained in accordance with the same 
procedures as those conducted in Example 1 (2) except that the liquid 
culture obtained in (l) described above was used. As the result, the 
laccase activity of the culture obtained in (l) described above was found to 
be 12.4 units / g of the dried product. 
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(3) Decomposition of dioxins 

The same procedures as those conducted in Example 1 (3) were 
conducted except that Trametes versicolor- IFO 4941 was used as the 
microorganism producing laccase. 

As the result, the rates of decomposition by Trametes versicolor 
described above were found to be as follows- 
2,3,7,8-tetrachloro-dibenzodioxin: 78%; and 

2, 3, 7, 8-tetrachlorodibenzofuran: 88% . 

Example 3 

(1) Culture of a microorganism producing laccase 

The same procedures as those conducted in Example 1 (l) were 
conducted except that Trametes versicolor- IFO 9791 was used as the 
microorganism producing laccase. 

(2) Measurement of the laccase activity 

The laccase activity was obtained in accordance with the same 
procedures as those conducted in Example 1 (2) except that the liquid 
culture obtained in (l) described above was used. As the result, the 
laccase activity of the culture obtained in (1) described above was found to 
be 10.2 units / g of the dried product. 

(3) Decomposition of dioxins 

The same procedures as those conducted in Example 1 (3) were 
conducted except that Trametes versicolor- IFO 9791 was used as the 
microorganism producing laccase. 

As the result, the rates of decomposition by Trametes versicolor 
described above were found to be as follows 1 
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2,3,7,8-tetrachloro-dibenzodioxin: 79%; and 

2,3,7,8-tetrachlorodibenzofuran: 86%. 

Example 4 

(1) Culture of a microorganism producing laccase 

The same procedures as those conducted in Example 1 (l) were 
conducted except that Trametes versicolor: IFO 30340 was used as the 
microorganism producing laccase. 

(2) Measurement of the laccase activity 

The laccase activity was obtained in accordance with the same 
procedures as those conducted in Example 1 (2) except that the liquid 
culture obtained in (l) described above was used. As the result, the 
laccase activity of the culture obtained in (l) described above was found to 
be 13.9 units / g of the dried product. 

(3) Decomposition of dioxins 

The same procedures as those conducted in Example 1 (3) were 
conducted except that Trametes versicolor: IFO 30340 was used as the 
microorganism producing laccase. 

As the result, the rates of decomposition by Trametes versicolor 
described above were found to be as follows: 
2,3,7,8-tetrachloro-dibenzodioxin: 82%; and 

2,3,7,8-tetrachlorodibenzofuran: 91%. 

Example 5 

(1) Culture of a microorganism producing laccase 

The same procedures as those conducted in Example 1 (l) were 
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conducted except that Trametes versicolor: IFO 30388 was used as the 
microorganism producing laccase. 

(2) Measurement of the laccase activity 

The laccase activity was obtained in accordance with the same 
procedures as those conducted in Example 1 (2) except that the liquid 
culture obtained in (l) described above was used. As the result, the 
laccase activity of the culture obtained in (l) described above was found to 
be 9.2 units / g of the dried product. 

(3) Decomposition of dioxins 

The same procedures as those conducted in Example 1 (3) were 
conducted except that Trametes versicolor: IFO 30388 was used as the 
microorganism producing laccase. 

As the result, the rates of decomposition by Trametes versicolor 
described above were found to be as follows: 
2,3,7,8-tetrachloro-dibenzodioxin: 74%; and 

2,3,7,8- tetrachlorodibenzofur an : 7 9% . 

Example 6 

(1) Culture of a microorganism producing laccase 

The same procedures as those conducted in Example 1 (l) were 
conducted except that Pleurotus pulmonaris: IFO 31345 was used as the 
microorganism producing laccase. 

(2) Measurement of the laccase activity 

The laccase activity was obtained in accordance with the same 
procedures as those conducted in Example 1 (2) except that the liquid 
culture obtained in (l) described above was used. As the result, the 



25 



,:i'O0re ar l| 3O7' .,, a 3 a: Ei o 



laccase activity of the culture obtained in (l) described above was found to 
be 9.2 units / g of the dried product. 
(3) Decomposition of dioxins 

The same procedures as those conducted in Example 1 (3) were 
conducted except that Pleurotus pulmonaris: IFO 31345 was used as the 
microorganism producing laccase. 

As the result, the rates of decomposition by Pleurotus pulmonaris 
described above were found to be as follows ■ 
2,3,7,8-tetrachlorodibenzodioxin: 68%; and 

2,3,7,8-tetrachlorodibenzofuran: 77%. 

The results of Examples 1 to 6 are shown together in Table 1. 
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Microorganism 



Laccase 
activity 



(u/g of dried 
product) 



Rate of Rate of 

decomposition decomposition 

of 2,3,7,8-tetra- 2,3,7,8-tetra- 

chlorodibenzo- chlorodibenzo- 

dioxin furan 

(%) (%) 



Example 1 


Schizophyllum commune 
IFO6505 


7.5 


72 


81 


Example 2 


Trametes versicolor 
IFO-4941 


12.4 


78 


88 


Example 3 


Trametes versicolor 
IFO-9791 


10.2 


79 


86 


Example 4 


Trametes versicolor 
IFO30340 


13.9 


82 


91 


Example 5 


Trametes versicolor 
IFO-30388 


9.2 


74 


79 


Example 6 


Pleurotus pulmonaris 
IFO-31345 


9.2 


68 


77 



Examples 7 to 10 

Into an Erlenmeyer flask having an inner volume of 500 ml, 100 ml 
of an oat meal culture medium was placed. After the flask was tightly 
sealed with a silicone stopper, the culture medium was disinfected at 
121°C for 20 minutes. 

The culture medium in the above flask was cooled to the room 
temperature and inoculated with Pycnoporus cinnabarinus: IFO 4923 as 
the microorganism producing laccase in an amount of one platinum 
microspoonful. The liquid culture obtained by the inoculation of the 
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microorganism producing laccase was left standing and cultured at 27°C 
for one week. 

To the resultant culture medium, 1 ml of an acetone solution of 
2,3,7,8-tetrachlorodibenzodioxin (containing 5 ng; Example 7), 
3,3',4,4',5,5'copolanar PCB (containing 5 ng; Example 8), bisphenol A 
(containing 5 ng; Example 9) or pentachlorophenol (containing 1 mg; 
Example 10) was added as the hardly decomposable harmful substance 
(each solution having a pH of 7.5). After being shaken vigorously for 3 
minutes, the obtained mixture was again left standing at 27°C for one 
week. 

Then, the entire amount of the hardly decomposable harmful 
substance was extracted and measured using the GOMS. 

For comparison, the same procedures as those described above were 
conducted without adding the microorganism producing laccase. The 
residual amount of the dioxin obtained in this run was set at the value of 
100 and the rate of decomposition of the dioxin was calculated in 
accordance with the same procedure as that in Example 1. The rates of 
decomposition were found to be as follows: 

2,3,7,8-tetrachloro-dibenzodioxin: 92%; 3,3\4,4',5,5'-copolanar PCB: 76%; 
bisphenol A: 96%; and pentachlorophenol: 84%. 

Examples 11 to 14 

A microorganism producing laccase was cultured and the rates of 
decomposition of hardly decomposable harmful substances were measured 
in accordance with the same procedures as those conducted in Example 7 
except that Rhizoctonia praticola: ATCC 16129 was used as the 
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microorganism producing laccase. The rates of decomposition were found 
to be as follows: 2,3,7,8-tetrachlorodibenzodioxin: 96%; 
3,3',4,4',5,5'-copolanar PCB: 86%; bisphenol A: 97%; and 
pentachlorophenol: 75%. 

Examples 15 to 18 

A microorganism producing laccase was cultured and the rates of 
decomposition of hardly decomposable harmful substances were measured 
in accordance with the same procedures as those conducted in Example 7 
except that Lentinus edodes: IFO 31864 was used as the microorganism 
producing laccase. The rates of decomposition were found to be as 
follows^ 2,3,7,8-tetrachlorodibenzodioxin: 72%; 3,3',4,4',5,5'-copolanar 
PCB: 78%; bisphenol A: 92%; and pentachlorophenol*- 87%. 

Examples 19 to 22 

A microorganism producing laccase was cultured and the rates of 
decomposition of hardly decomposable harmful substances were measured 
in accordance with the same procedures as those conducted in Example 7 
except that Merulius tremellosus: IFO 30385 was used as the 
microorganism producing laccase. The rates of decomposition were found 
to be as follows: 2,3,7,8-tetrachlorodibenzodioxin: 77%; 
3,3',4,4\5,5'-copolanar PCB: 68%; bisphenol A: 94%; and 
pentachlorophenol: 86%. 

The results in Examples 7 to 22 are shown together in Table 2. 
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Table 2 





Microorganism 


Hardly decomposable 
harmful substance 


Rate of 
decomposition 
(%) 


Example 7 


Pycnoporus cinnabarinus 
IFO 4923 


2,3,7,8-tetrachlorodibenzodioxin 


92 


Example 8 


Pycnoporus cinnabarinus 
IFO 4923 


3,3',4,4',5,5'-coplanar PCB 


76 


Example 9 


Pycnoporus cinnabarinus 
IFO 4923 


bisphenol A 


96 


Example 10 


Pycnoporus cinnabarinus 
ir kj ^iy^o 


pentachlorophenol 


84 


Example 11 


Rhizoctonia praticola 
ATCC 16129 


2,3,7,8-tetrachlorodibenzodioxin 


96 


Example 12 


Rhizoctonia praticola 
ATCC 16129 


S.S'A^.S'-coplanar PCB 


86 


Example 13 


Rhizoctonia praticola 
ATCC 16129 


bisphenol A 


97 


Example 14 


Rhizoctonia praticola 


pentachlorophenol 


75 


Example 15 


Lentinus edodes 
IFO 31864 


2,3,7,8'tetrachlorodibenzodioxin 


72 


Example 16 


Lentinus edodes 
IFO 31864 


3,3\4,4\5,5'-coplanar PCB 


78 


Example 17 


Lentinus edodes 
IFO 31864 


bisphenol A 


92 


Example 18 


Lentinus edodes 
IFO 31864 


pe ntachlorophe nol 


87 


Example 19 


Merulius tremellosus 
IFO 30385 


2,3,7 , 8-tetrachlorodibenzodioxin 


77 


Example 20 


Merulius tremellosus 
IFO 30385 


3,3',4,4',5,5'-coplanar PCB 


68 


Example 21 


Merulius tremellosus 
IFO 30385 


bisphenol A 


94 


Example 22 


Merulius tremellosus 
IFO 30385 


pentachlorophenol 


86 
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Example 23 

(1) Preparation of a liquid of the laccase enzyme 

Into each of 5 Erlenmeyer flasks having an inner volume of 500 ml, 
1.5 g of corn bran, 1.5 g of rice bran, 0.58 g of saw dust of Japanese 
chestnut oak and 0.5 mg of copper sulfate pentahydrate were placed and 
then 100 ml of city water was added. 

The flasks were tightly sealed and placed in an autoclave and the 
culture media prepared above were disinfected at 121°C for 20 minutes. 

The culture media were cooled to the room temperature and 
inoculated with Schizophyllum commune: IFO 6505 as the microorganism 
producing laccase in an amount of one platinum microspoonful. Then, 
the microorganism was cultured at 25°C for 3 days while being shaken at 
a rotation speed of 110 rpm and then at 25°C for 7 days while being left 
standing. 

When the culture was completed, the cultured products in the 5 
flasks were collected. The collected culture products were then treated 
by a centrifuge under 11.00 G and a supernatant liquid was obtained. 
The obtained supernatant liquid exhibited a laccase activity of 12.0 
units/g and no activity was found with respect to lignin peroxidase and 
manganese peroxidase. 

To the obtained supernatant liquid, 1.0 ml of a solution of 
benzalkonium chloride [manufactured by NIPPON SEIYAKU Co., Ltd.] 
having a concentration of 10% by weight/volume was added to prevent 
putrefaction. City water was added to the resultant mixture to adjust 
the total volume to 500 ml and a liquid of the laccase enzyme was 
prepared. 
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(2) Preparation of water containing dioxins 

To 200 g of ash of city garbage containing dioxins which was taken 
from an incineration plant of the fluidized bed type for city garbage, 1 liter 
of hydrochloric acid having a concentration of 2 N was added and the 
resultant mixture was left standing for 2 hours. 

The obtained fluid was filtered under suction. To the supernatant 
liquid obtained after the filtration, 1 liter of dichloromethane was added 
and the resultant mixture was treated by liquid-liquid extraction at the 
room temperature for 2 hours. To the ash separated by the filtration 
under suction, 1 liter of toluene was added and the obtained fluid was 
treated by extraction at the room temperature for 48 hours under stirring. 

The liquid obtained by the extraction with dichloromethane and the 
liquid obtained by the extraction with toluene were combined. The 
combined liquid was dried with anhydrous sodium sulfate and 
concentrated under a reduced pressure to obtain a solid product. To the 
obtained solid product, 5 ml of polyoxyethylene sorbitan monooleate 
[manufactured by KAO ATLAS Co., Ltd.; TWEEN 80] as the surfactant 
and then 1 liter of city water were added and mixed together. Thus, 
water containing dioxins was prepared. 

(3) Decomposition of dioxins 

Into an Erlenmeyer flask having an inner volume of 250 ml, 25 ml 
of the water containing dioxins prepared in (2) described above was placed 
and pH of the water containing dioxins was adjusted to 3.5 by adding 
hydrochloric acid having a concentration of 1 N. 

To the water containing dioxins prepared above, 25 ml of the liquid 
of the laccase enzyme prepared in (l) described above was added. The 
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resultant mixture was stirred at 50°C for 3 hours and decomposition of 
dioxins with the laccase enzyme was allowed to proceed. 

When the reaction was completed, the reaction was completely 
terminated by adding dichloromethane. The residual amount of dioxins 
in the reaction liquid was measured and the rate of decomposition of 
dioxins was calculated. 

For the calculation of the rate of decomposition of dioxins, the 
content of the dioxins obtained at a pH of 7.0 in the absence of the laccase 
enzyme was set at the value of 100. The rate of decomposition of dioxins 
was calculated as follows^ 

[(content without enzyme - content under addition of 
enzyme) / content without enzyme] X 100 

As the result, the rate of decomposition of dioxins by the above 
reaction was found to be 38%. 

Examples 24 to 28 

The decomposition of dioxins by the laccase enzyme was conducted 
in accordance with the same procedures as those conducted in Example 23 
(3) except that pH of the water containing dioxins was adjusted as follows: 
4.5 in Example 24; 5.5 in Example 25; 7.0 in Example 26; 9.0 in Example 
27; and 10.0 in Example 28. In Examples 27 and 28, pH of the water 
containing dioxins was adjusted by adding an aqueous solution of sodium 
hydroxide having a concentration of 1 N. 

The results in Examples 23 to 28 are shown in Table 3. 
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Table 3 





IVlicroorganism 


liquid 


decomposition 
ofdioxms 


Example 23 


Schizophyllum commune: IFO 6505 


3.5 


38 


Example 24 


Schizophyllum commune : IFO 6505 


4.5 


74 


Example 25 


Schizophyillum commune: IFO 6505 


5.5 


76 


Example 26 


Schizophyllum commune: IFO 6505 


7.0 


72 


Example 27 


Schizophyllum commune: IFO 6505 


9.0 


58 


Example 28 


Schizophyllum commune: IFO 6505 


10.0 


41 


Example 29 to 34 



A liquid of the laccase enzyme was prepared in accordance with the 
same procedures as those conducted in Example 23 (l) except that 
Trametes versicolor : IFO 30340 was used as the microorganism producing 
laccase. 



Decomposition of dioxins by the laccase enzyme was conducted in 
accordance with the same procedures as those conducted in Example 23 
(3) except that, using water containing dioxins prepared in accordance 
with the same procedures as those conducted in Example 23 (2), pH of the 
water was adjusted with hydrochloric acid having a concentration of 1 N 
or an aqueous solution of sodium hydroxide having a concentration of 1 N 
as follows: 3.5 i n Example 29; 5.0 in Example 30; 6.0 in Example 31," 7.0 in 
Example 32; 8.5 in Example 33; and 9.5 in Example 34. 

The results are shown in Table 4. 
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Table 4 



Microorganism pH in reaction Rate of 

liquid decomposition 
of dioxins 
(%) 



Example 29 


Trametes versicolor: 


IFO 30340 


3.5 


42 


Example 30 


Trametes versicolor: 


IFO 30340 


5.0 


78 


Example 31 


Trametes versicolor: 


IFO 30340 


6.0 


82 


Example 32 


Trametes versicolor: 


IFO 30340 


7.0 


69 


Example 33 


Trametes versicolor 


IFO 30340 


8.5 


62 


Example 34 


Trametes versicolor 


IFO 30340 


9.5 


60 



Example 35 to 40 

A liquid of the laccase enzyme was prepared in accordance with the 
same procedures as those conducted in Example 23 (l) except that 
Pleurotus pulmonaris: IFO 31345 was used as the microorganism 
producing laccase. 

Decomposition of dioxins by the laccase enzyme was conducted in 
accordance with the same procedures as those conducted in Example 23 
(3) except that, using water containing dioxins prepared in accordance 
with the same procedures as those conducted in Example 23 (2), pH of the 
water was adjusted with hydrochloric acid having a concentration of 1 N 
or an aqueous solution of sodium hydroxide having a concentration of 1 N 
as follows: 3.5 in Example 35; 5.0 in Example 36; 6.0 in Example 36; 7.0 in 
Example 37; 8.0 in Example 38; 9.0 in Example 39; and 10.0 in Example 
40. 



35 



.1. o-o ere o "7 «, o ?re 5 o 



The results are shown in Table 5. 



Table 5 



Microorganism pH in reaction Rate of 

liquid decomposition 
of dioxins 
(%) 



Example 35 


Pleurotus pulmonaris: 


IFO 31345 


3.5 


35 


Example 36 


Pleurotus pulmonaris: 


IFO 31345 


5.0 


78 


Example 37 


Pleurotus pulmonaris: 


IFO 31345 


7.0 


72 


Example 38 


Pleurotus pulmonaris: 


IFO 31345 


8.0 


64 


Example 39 


Pleurotus pulmonaris 


IFO 31345 


9.0 


58 


Example 40 


Pleurotus pulmonaris 


IFO 31345 


10.0 


46 



Examples 41 to 67 

Into 1 liter of water, 25 g of oat meal, 1 g of peptone and 10 g of 
sucrose as the components of a culture medium were suspended. While 
the suspension was stirred, 100 ml of the suspension was placed into an 
Erlenmeyer flask having an inner volume of 500 ml. This operation was 
repeated and 27 Erlenmeyer flasks containing the aqueous suspension of 
the culture medium were prepared. To some of the Erlenmeyer flasks 
containing the aqueous suspension of the culture medium, 1 g each of an 
ion exchange resin [manufactured by SUMITOMO KAGAKU KOGYO Co., 
Ltd.; XAD874] was added. 

The aqueous suspensions of the culture medium in the Erlenmeyer 
flasks were disinfected at 121°C for 20 minutes. The obtained aqueous 
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suspensions of the culture medium in the Erlenmeyer flasks were 
inoculated with various types of microorganisms shown in Table 6 and 
cultured at 26°C for 2 weeks. 

After the culture for 2 weeks, various hardly decomposable harmful 
substances shown in Table 6 were added to the aqueous suspensions of 
the liquid culture in the Erlenmeyer flasks. The obtained mixtures were 
shaken at 32°C for 24 hours so that the hardly decomposable harmful 
substances were brought into contact with the microorganisms and 
decomposition of the hardly decomposable harmful substances was 
conducted. For the addition of the hardly decomposable harmful 
substances, the hardly decomposable harmful substances were dissolved 
into acetone in specific amounts. 

The residual amounts of the hardly decomposable harmful 
substances in the products of the decomposition were measured and the 
rates of decomposition were obtained. The results are shown in Table 6. 
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Table 6 - 1 



Example Microorganism 



41 

42 



46 
47 
48 
49 
50 
51 
52 
53 



Ion 
exchange 



resin 



Hardly decomposable 
harmful substance 



Rate of 
decompos- 



compound 



amount 
(mg) 



ition 
(%) 



used 



Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes versicolor 
IFO 9791 

Trametes consols 
IFO 8348 

Schizophyllum commune used 
IFO 6505 



used p-tert-butylphenol 

none p-tert-butylphenol 

used nonylphenol 

none nonylphenol 



4-(l-propenyl)- 
phenol 



4-(l-propenyl)- 
phenol 



none 

used butyl phthalate 
none butyl phthalate 
none bisphenol A 
octylphenol 
octylphenol 



Schizophyllum commune none 
IFO 6505 

Schizophyllum commune used pentylphenol 
IFO 6505 

Schizophyllum commune none pentylphenol 
IFO 6505 

Schizophyllum commune used bisphenol A 
IFO 6505 

Schizophyllum commune none bisphenol A 
IFO 6505 



2.3 
2.3 
1.9 
1.9 
2.3 
2.3 
1.1 
1.1 
2.4 



1.2 
1.2 
2.4 
2.4 



97 
94 



93 
88 
83 
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Table 6 - 2 



Example Microorganism Ion Hardly decomposable Rate of 

exchange harmful substance decompos- 









compound 


amount 
(mg) 


ition 
(%) 


56 


Schizophyllum commune 
IFO 6505 


used 


butyl benzyl phthalate 


1.0 


99 


57 


Schizophyllum commune 
IFO 6505 


used 


butyl benzyl phthalate 


1.0 


99 


58 


Pleurotus ostoreatus 
IFO 30106 


none 


bisphenol A 


2.4 


81 


59 


Pleurotus ostoreatus 
IFO 30106 


none 


bisphenol A 


2.4 


68 


60 


Favolus arcularius 
IFO 4959 


none 


bisphenol A 


2.4 


96 


61 


Pholiota adibosa 
IFO 30359 


none 


bisphenol A 


2.4 


82 


62 


Lyophyllum decastes 
IFO 31167 


none 


bisphenol A 


2.4 


73 


63 


Pycnoporus cinnabar inus none 
IFO 4923 


bisphenol A 


2.4 


88 


64 


Agaricus bisporus 
IFO 30774 


none 


bisphenol A 


2.4 


96 


65 


Daedaleopsis stirasina 
IFO 4910 


none 


bisphenol A 


2.4 


98 


66 


Ganoderma lucidam 
IFO 31863 


none 


bisphenol A 


2.4 


79 


67 


Auricularia auricladude 
IFO 5949 


none 


bisphenol A 


2.4 


86 



Example 68 

Into a separation funnel having a volume of 1 liter, 100 ml of a 10 
mmole buffer solution of phosphoric acid (pH: 7.4) was placed. After 
1,1,2-trichloroethylene was added to the buffer solution in an amount such 



39 



AO o s ira o ,„ o :?s; s b> a 



that the concentration was adjusted to 20 ppm, the obtained mixture was 
shaken for 1 hour. Separately, Trametes versicolor: IFO 4941 was 
cultured in a liquid culture medium of polydextrose left standing at 27°C 
for 2 weeks and the obtained liquid culture was treated by a centrifuge. 
The supernatant liquid obtained by the treatment in an amount of 100 ml 
was added to the above separation funnel. After the gas phase of the 
separation funnel was purged with pure oxygen, the separation funnel 
was shaken in a chamber kept at 40° C for 4 hours. 

Then, the content of 1,1,2-trichloroethylene was measured using 
the gas chromatography and the mass analysis (GOMS). 

The control run was conducted in accordance with the same 
procedures as those conducted above except that, in place of the 
supernatant liquid of the liquid culture, 100 ml of city water was added to 
the above water containing 1,1,2-trichloroethylene. The fraction of 
decomposition of 1,1,2-trichloroethylene was calculated based on the 
result of the control run. The result is shown in Table 7. 

Example 69 

The same procedures as those conducted in Example 68 were 
conducted except that 1,1,1-trichloroethylene was used in place of 
1,1,2-trichloroethylene and the rate of decomposition of 
1,1,1-trichloroethylene was measured. The result is shown in Table 7. 

Example 70 

The decomposition of 1,1,2-trichloroethylene was conducted in 
accordance with the same procedures as those conducted in Example 68 
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except that Schizophyllum commune: IFO 6505 was used in place of 
Trametes versicolor: IFO 4941 and the rate of decomposition of 
1,1,2-trichloroethylene was measured. The result is shown in Table 7. 

Example 71 

In city water, 5 g of peptone, 20 g of sucrose and 20 g of soluble 
starch per 1 liter of water were suspended. Into an Erlenmeyer flask 
having an inner volume of 500 ml and equipped with a ground glass 
stopper, 100 ml of the suspension obtained above was placed. After the 
flask was tightly sealed with a silicone stopper, the content of the flask 
was disinfected at 121°C for 20 minutes. The culture medium in the 
flask was inoculated with Rhizoctonia puraticola-' ATCC 16129 in an 
amount of one platinum microspoonful and the microorganism was 
cultured at 27°C for 14 days. When the culture was completed, the flask 
was cooled in a shaking bath kept at 4°C and 10 microliters of 
1,1,1-trichloroethylene was added to the liquid culture. The flask was 
sealed with the glass stopper in place of the silicone stopper and shaken at 
4°C for 10 minutes. The content of 1,1,1-trichloroethylene was measured 
using the gas chromatography-mass analysis (GOMS). The obtained 
value was used as the initial value. 

Immediately after the above operation, the flask was shaken in a 
bath kept at 40°C for 4 hours and the content of 1,1,1-trichloroethylene 
was measured using the gas chromatography-mass analysis. The results 
are shown in Table 7. 

Example 72 
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The same procedures as those conducted in Example 71 were 
conducted except that Funalia trogii: ATCC 200800 was used in place of 
Rhizoctonia praticola: ATCC 16129 and 1,1,2-trichloroethylene was 
decomposed in place of 1,1,1-trichloroethylene and the rate of 
decomposition of 1,1,2-trichloroethylene was measured. The result is 
shown in Table 7. 

Example 73 

Into each of 5 Erlenmeyer flasks having an inner volume of 500 ml, 
1.5 g of corn bran, 1.5 g of rice bran, 0.58 g of saw dust of Japanese 
chestnut oak and 0.5 mg of copper sulfate pentahydrate were placed and 
then 100 ml of city water was added. 

The flasks were tightly sealed and placed in an autoclave and the 
culture media prepared above were disinfected at 121°C for 20 minutes. 

The culture media were cooled to the room temperature and 
inoculated with Trametes versicolor : IFO 4941 as the microorganism 
producing laccase in an amount of one platinum microspoonful for each 
culture medium. Then, the microorganism was cultured at 25°C for 3 
days while being shaken at a rotation speed of 110 rpm and then at 25°C 
for 10 days while being left standing. 

When the culture was completed, the culture products in the 5 
flasks were then treated by a centrifuge and a supernatant liquid was 
obtained. To the obtained supernatant liquid, 1-hydroxybenzotriazole as 
the mediator was added in an amount of 1 mmole. City water was added 
to the resultant mixture so that the total volume was adjusted to 500 ml 
and a liquid of the laccase enzyme was prepared. 
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Into a separation funnel having a volume of 1 liter, 100 ml of a 10 
mmole buffer solution of phosphoric acid (pH: 8.5) was placed. After the 
gas phase was purged with pure oxygen, dichloromethane was added so 
that the concentration was adjusted to 50 ppm and the obtained mixture 
was shaken for 10 minutes. 

To the water containing dichloromethane prepared above, 1 ml of 
the liquid of the laccase enzyme prepared above was added. The flask 
was then shaken in a bath kept at 40°C for 4 hours and decomposition of 
dichloromethane with the laccase enzyme was conducted. 

When the reaction was completed, the content of dichloromethane 
residual in the reaction liquid was measured using the gas 
chromatography-mass analysis (GOMS) and the rate of decomposition of 
dichloromethane was calculated. 

In the above calculation, the result obtained by adding, in place of 
the liquid of the laccase enzyme, city water to water containing 
dichloromethane was used as the control. The result is shown in Table 7. 

Example 74 

The decomposition of l,l,ltrichloroethylene was conducted in 
accordance with the same procedures as those conducted in Example 73 
except that 1,1,1-trichloroethylene was used in place of dichloromethane 
and the rate of decomposition of 1,1,1-trichloroethylene was measured. 
The result is shown in Table 7. 
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Table 7 





Microorganism 


Hardly decomposable 
harmful substance 


Rate of 
decomposition 
(%) 


Example 68 


Trametes versicolor 
IFO 4941 


1 , 1,2-trichloroethylene 


49 


Example 69 


Trametes versicolor 
IFO 4941 


1,1,1 -trichloroethylene 


42 


Example 70 


Schizophyllum commune 
IFO 6505 


1, 1,2-trichloroethylene 


38 


Example 71 


Rhizoctonia praticola 
ATCC 16129 


1,1, 1 -trichloroethylene 


78 


Example 72 


Funalia trogii 
ATCC 200800 


1, 1,2-trichloroethylene 


53 


Example 73 


Trametes versicolor 
IFO 4941 


dichlorom ethane 


28 


Example 74 


Trametes versicolor 
IFO 4941 


1,1,1 -trichloroethylene 


69 



Example 75 

Waste water formed by cleaning smoke in an incineration plant 
(21,000 to 24,000 pg-TEQ/liter of the waste water formed by cleaning) was 
neutralized with sodium hydroxide and used as contaminated water. 

A polyurethane foam of a cube of 2 cm was impregnated with a 
liquid culture medium of potato dextrose. Into an incubator made of 
stainless steel and equipped with an aseptic filter, 200 pieces of the 
polyurethane foam prepared as described above were placed and 
disinfected at 121°C for 20 minutes. Into glass dishes having a diameter 
of 19 cm, the polyurethane foams were placed in a manner such that each 
dish contained 10 pieces of the polyurethane foam and inoculated with the 
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seeds of Trametes versicolor : IFO 9791 or Schizophyllum commune- IFO 
6505. The microorganisms were cultured at 27°C and seed beds were 
prepared. 

Continuous decomposition of waste water 

To a double tube column having a glass inner tube having a 
diameter of 7 cm inside an outer tube having a diameter of 10 cm (the 
length of the outer tube'- 25 cm; the length of the inner tube: 12 cm), three 
lines, which were an inlet for waste water, an inlet for the air and a line 
for addition of nutrients, were attached at lower portions and other 
attachments such as tubes of stainless steel were attached. The entire 
apparatus was disinfected in an autoclave at 121°C. Into the inner tube 
of the double tube column, 12 seed beds of polyurethane prepared above 
were placed. At the same time, 10 g of granular activated carbon having 
an average diameter of 2 mm which had been disinfected by heating in 
advance was placed at the bottom portion of the double tube column. 

To prevent contamination with miscellaneous microorganisms, a 
filter of 0.4 um was placed in the passage of the air and a removable cap 
made of a ground glass for releasing a gas was attached at an upper 
portion of the double tube. Waste water and nutrients which had been 
disinfected were supplied quantitatively using a micropump. 

Two apparatuses described above were connected in series and 
waste water and the air were taken out of the second apparatus. The 
entire apparatus was placed in a chamber kept at 27°C and operated 
continuously. For the operation, waste water formed by cleaning smoke 
containing 21,000 to 24,000 pg-TEQ/liter was used as the contaminated 
water. The operation was conducted under the conditions of a flow rate 
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of the waste water of 1 liter/day, a flow rate of the nutrients of 50 ml/day 
and a flow rate of the air of 50 ml/minute. 

The composition of the nutrients was as follows: 



Composition of the nutrients 

Carboxymethylcellulose 10 g 

Soluble starch 20 g 

Peptone 10 g 

KH 2 P0 4 2 g 

NaHPC-4 1 g 

MgS04 0.2 g 

City water 1 liter 



The experiment was conducted using three sets of the same 
apparatuses. The waste water was stored for 3 days and used for 
extraction of dioxins. After one month, the seed beds, the activated 
carbon, the glass containers and the silicone tubes were separately treated 
by washing and extraction with toluene and the amount of dioxins was 
calculated. The determination of the dioxins was conducted in 
accordance with the conventional method of the gas chromatography mass 
analysis. The rate of decomposition of dioxins was calculated based on 
the obtained results. The results are shown in the following. 
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Microorganism 



Activated carbon 



Rate of decomposition 
of dioxins (TEQ %) 



Trametes versicolor 
IFO 9791 



used 



93 



Schizophyllum commune 



used 



95 



IFO 6505 



Example 76 

Into city water, 25 g of oat meal, 10 g of polypeptone, 1.5 g of 
KH 2 P04, 0.5 g of MgS0 4 -7H 2 0, 2.0 g of thiamine hydrochloride and 20 
mg of CuS0 4 per 1 liter of water were dissolved as the components of a 
culture medium. pH of the obtained solution was adjusted to 5.6 with 
hydrochloric acid having a concentration of 0.1 N and a culture medium 
was prepared. 

Into an Erlenmeyer flask having an inner volume of 500 ml, 100 ml 
of the culture medium prepared above was placed and disinfected at 
121°C for 15 minutes. The disinfected culture medium was inoculated 
with Trametes versicolor: IFO 4937 in an amount of one platinum 
spoonful and left standing for culture at 30°C for 14 days. 

(2) Measurement of the laccase activity 

Using the liquid culture obtained in (l) described above, the activity 
of laccase in the liquid culture was measured and found to be 12.4 
nkat/ml. 

(3) Evaluation of stability of the enzyme 
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To the liquid culture obtained in (l) described above, 2.5 g of fine 
particles of maghemite which had been disinfected by drying and heating 
at 130°C for 24 hours was aseptically added. The resultant mixture was 
immediately treated by stirring at 180 rpm for 1 hour and the enzyme was 
adsorbed and fixed to the fine particles of maghemite. 

Separately, into a beaker having an inner volume of 2 liters, 280 g 
of black volcanic soil without disinfection (the content of water: 14% by 
mass) was placed. The liquid containing the enzyme adsorbed to the fine 
particles of maghemite was added to the beaker and sufficiently mixed by 
a spatula. Water was added to the obtained mixture and the weight of 
the entire mixture was adjusted to 400 g. 

After the opening was covered with an aluminum foil, the beaker 
containing the soil was placed in a bath kept at 25°C and the soil in the 
beaker was slowly stirred by a spatula once in a day. When the amount 
of water vaporized during the stirring was much, city water in an amount 
corresponding to the amount lost by vaporization was supplemented. 

Samples were taken from the soil at time intervals. The laccase 
activity in the soil taken as the sample was measured and the stability of 
the enzyme was evaluated. Five samples of the soil were taken at 4, 24, 
48, 72 and 168 hours after the fine particles of maghemite having the 
fixed enzyme was added to the soil. The results are shown in Table 8. 
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Table 8 



addition of 
fine particles of 
magnetic material 


Time to measurement after 
addition of fine particles of 
magnetic material 
(hr) 


Laccase 
activity 

(kat/g soil) 


added 


4 


12.0 


added 


24 


12.2 


added 


48 


11.8 


added 


72 


11.6 


added 


168 


10.4 



(4) Cleaning of soil contaminated with chlorinated dioxins 

An area around an incineration plant for city garbage built at a 
forested mountainous location was selected. In the inclined area 
described above where weeds grew, a sample of soil was taken from a 
portion of the land ranging from the surface to a depth of 20 cm as the 
sample of soil contaminated with chlorinated dioxins. The soil was 
treated by a metal screen having an opening of 1 cm so that miscellaneous 
foreign materials such as stones were removed and the obtained soil was 
used as a sample of the soil contaminated with chlorinated dioxins (the 
average content of water: 21% by mass). 

The sample of the soil contaminated with chlorinated dioxins was 
analyzed with respect to isomers of chlorinated dioxins in accordance with 
the temporary manual for investigation of soil with respect to chlorinated 
dioxins which was prepared by the Environmental Protection Agency of 
Japan. As the result of the analysis, it was confirmed that 
2,3,7,8-tetrachlorodibenzo-p-dioxin, 1,2,3,7,8-pentachlorodibenzo-p-dioxin, 



49 



i !i 7 , i! OS* , 1 i 



1,2,3, 4,7, 8-hexachlorodibenzo-p-dioxin, 

1.2.3.6.7. 8 -hexachlorodibenzo-p - dioxin, 

1.2.3.7.8. 9 -hexachlorodib enzo -p - dioxin, 
1,2,3,4,6,7,8-heptachloro-dibenzo-p-dioxin, 

1, 2,3,4,6,7, 8,9-octachlorodibenzo-p-dioxin, 2,3,7,8-tetrachlorodibenzofuran, 
1,2,3,7,8-pentachlorodibenzofuran, 2,3,4,7,8-pentachlorodibenzofuran, 

1.2.3. 4.7.8- hexachlorodibenzofuran, 1,2,3,6,7,8-hexachlorodibenzofuran, 

1.2.3.7.8.9- hexachlorodibenzofuran, 2,3,4,6,7,8-hexachlorodibenzofuran, 
1, 2,3,4,6,7, 8-heptachlorodibenzofuran, 

1,2,3,4,7,8, 9 -hept achlorodibenzofuran and 
1,2, 3,4,6,7, 8,9-octachloro-dibenzofuran were present as the isomers of 
chlorinated dioxins. The content of each chlorinated dioxin was 
calculated as the toxicity equivalent (TEQ) corresponding to the activity of 
2,3,7,8-tetrachlorodibenzo-p-dioxin. The value of TEQ of the entire 
chlorinated dioxins present in the above contaminated soil was 1,860 
picograms/g of the soil. 

The soil contaminated with chlorinated dioxins in an amount of 10 
kg was disinfected by heating at 75°C for 2 hours, cooling by leaving 
standing for 16 hours and heating again at 75°C for 2 hours. Separately, 
600 ml of city water was added to a mixture of 800 g of corn bran (the 
content of water: 12% by mass) and 200 g of saw dust of Japanese 
chestnut oak (the content of water: 16% by mass) as nutrients for 
microorganisms and the resultant mixture was disinfected by heating at 
121°C for 20 minutes. The disinfected mixture was added to the 
contaminated soil disinfected above. The contaminated soil containing 
nutrients which was prepared as described above in an amount of 120 g 



50 



1000890 7 „ 0 3eS OS 



was placed into a beaker having an inner volume of 2 liters and then 100 
mg of fine particles of maghemite as the fine particles of a magnetic 
material were added and mixed. Disinfected water was added to the 
obtained mixture and the total amount of the mixture was adjusted to 200 
g- 

The soil in the beaker was inoculated with 1 g of a culture of 
Trametes versicolor: IFO 4937 which was obtained by culturing at 30°C 
for 14 days in a disinfected culture medium for a seed microorganism 
containing 20 g of corn bran, 20 g of saw dust of Japanese chestnut oak 
and 50 ml of water. The entire portions of the contaminated soil in the 
beaker which had been inoculated was slowly stirred once in three days. 
Water which had been disinfected in an amount corresponding to the 
amount lost by vaporization and nutrients in a suitable amount were 
supplemented. 

For 2 months, the enzyme was released by the growth of Trametes 
versicolor and the chlorinated dioxins were decomposed by the enzyme 
adsorbed and fixed to the fine particles of maghemite in the manner 
described above. The residual amount of chlorinated dioxins in the soil 
was determined 2 months after the inoculation of Trametes versicolor to 
the contaminated soil. The rate of the residual chlorinated dioxins 
(expressed as TEQ) was calculated from the obtained results and was 
found to be 36%. The result is shown in Table 9. 

Example 77 

The same procedures as those conducted in Example 76 were 
conducted except that the amount of the fine particles of maghemite 



51 



JL OCI e s o 7" ,, o e: l s o ie«: 



added to the contaminated soil in Example 76 (4) was changed to 1,000 
mg. The result is shown in Table 9. 

Example 78 

The same procedures as those conducted in Example 76 were 
conducted except that the amount of the fine particles of maghemite 
added to the contaminated soil in Example 76 (4) was changed to 10,000 
mg. The result is shown in Table 9. 

Example 79 

The same procedures as those conducted in Example 76 were 
conducted except that the amount of the fine particles of maghemite 
added to the contaminated soil in Example 76 (4) was changed to 100 mg 
and the microorganism was changed to Trametes versicolor: IFO 9791. 
The result is shown in Table 9. 

Example 80 

The same procedures as those conducted in Example 79 were 
conducted except that the amount of the fine particles of maghemite 
added to the contaminated soil in Example 79 was changed to 1,000 mg. 
The result is shown in Table 9. 

Example 81 

The same procedures as those conducted in Example 76 were 
conducted except that the amount of the fine particles of maghemite 
added to the contaminated soil in Example 76 (4) was changed to 1,000 
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mg and the microorganism was changed to Trametes versicolor- IFO 
30388. The result is shown in Table 9. 

Example 82 

The same procedures as those conducted in Example 76 were 
conducted except that the microorganism was changed to Schizophyllum 
commune: IFO 6505. The result is shown in Table 9. 

Example 83 

The same procedures as those conducted in Example 82 were 
conducted except that the amount of the fine particles of maghemite 
added to the contaminated soil in Example 82 was changed to 1,000 mg. 
The result is shown in Table 9. 

Table 9 



Microorganism 



Example 76 Trametes versicolor 
IFO 4937 

Example 77 Trametes versicolor 
IFO 4937 

Example 78 Trametes versicolor 
IFO 4937 

Example 79 Trametes versicolor 
IFO 9791 

Example 80 Trametes versicolor 
IFO 9791 



Fine particles of Rate of 

magnetic material residual 

material amount chlorinated 
dioxins 

(mg) (%) 

maghemite 100 36 

maghemite 1,000 31 

maghemite 10,000 26 

maghemite 100 40 

maghemite 1,000 33 
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Example 81 

Example 82 
Example 83 



Example 84 

(1) Culture of a microorganism 

A liquid culture was obtained in accordance with the same 
procedures as those conducted in Example 76 (l) except that Trametes 
versicolor^ IFO 9791 was used as the microorganism. 

(2) Measurement of the laccase activity 

Using the liquid culture obtained in (l) described above, the laccase 
activity in the liquid culture was measured and found to be 14.1 nkat/ml. 

(3) Evaluation of stability of the enzyme 

The stability of the enzyme was evaluated in accordance with the 
same procedures as those conducted in Example 76 (3) except that the 
liquid culture obtained in (l) described above was used and 2.5 g of fine 
particles of cobalt ferrite were used in place of the fine particles of 
maghemite. Two samples of the soil were taken at 4 and 168 hours after 
the fine particles of cobalt ferrite having the adsorbed and fixed enzyme 
was added to the soil. The result is shown in Table 10. 

(4) Cleaning of the soil contaminated with chlorinated dioxins 

The same procedures as those conducted in Example 76 (4) were 
conducted except that 100 mg of fine particles of cobalt ferrite were added 
and mixed with a contaminated soil containing nutrients which was 
prepared in accordance with the same procedures as those conducted in 



Trametes versicolor maghemite 1,000 36 

IFO 30388 

Schizophyillum commune maghemite 100 42 

IFO 6505 

Schizophyillum commune maghemite 1,000 36 

IFO 6505 
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Example 76 (4) and the obtained mixture was inoculated with 1 g of a 
culture of Trametes versicolor: IFO 9791. The result is shown in Table 
11. 

Example 85 

(1) Evaluation of stability of the enzyme 

The stability of the enzyme was evaluated in accordance with the 
same procedures as those conducted in Example 84 (3) except that fine 
particles of manganese ferrite were used in place of the fine particles of 
cobalt ferrite used in Example 84 (3). The result is shown in Table 10. 

(2) Cleaning of the soil contaminated with chlorinated dioxins 

The same procedures as those conducted in Example 84 (4) were 
conducted except that fine particles of manganese ferrite were used in 
place of the fine particles of cobalt ferrite used in Example 84 (4). The 
result is shown in Table 11. 

Example 86 

(1) Evaluation of stability of the enzyme 

The stability of the enzyme was evaluated in accordance with the 
same procedures as those conducted in Example 84 (3) except that fine 
particles of nickel ferrite were used in place of the fine particles of cobalt 
ferrite used in Example 84 (3). The result is shown in Table 10. 

(2) Cleaning of the soil contaminated with chlorinated dioxins 

The same procedures as those conducted in Example 84 (4) were 
conducted except that fine particles of nickel ferrite were used in place of 
the fine particles of cobalt ferrite used in Example 84 (4). The result is 
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shown in Table 11. 
Example 87 

(1) Evaluation of stability of the enzyme 

The stability of the enzyme was evaluated in accordance with the 
same procedures as those conducted in Example 84 (3) except that fine 
particles of zinc ferrite were used in place of the fine particles of cobalt 
ferrite used in Example 84 (3). The result is shown in Table 10. 

(2) Cleaning of the soil contaminated with chlorinated dioxins 

The same procedures as those conducted in Example 84 (4) were 
conducted except that fine particles of zinc ferrite were used in place of 
the fine particles of cobalt ferrite used in Example 84 (4). The result is 
shown in Table 11. 



Table 10 



Fine particles of 
magnetic material 


Time to measurement after 
addition of fine particles of 
magnetic material 
(hr) 


Laccase 
activity 

(kat/g soil) 


Cobalt ferrite 


4 


14.6 




168 


8.6 


Manganese ferrite 


4 


13.4 




168 


7.7 


Nickel ferrite 


4 


14.4 




168 


7.2 


Zinc ferrite 


4 

168 


13.7 
6.8 
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Table 11 



Microorganism Fine particles of Rate of 

magnetic material residual 



material amount chlorinated 

dioxins 
(mg) (%) 



Example 84 Trametes versicolor cobalt ferrite 100 

IFO 9791 

Example 85 Trametes versicolor manganese ferrite 100 

IFO 9791 

Example 86 Trametes versicolor nickel ferrite 100 

IFO 9791 

Example 87 Trametes versicolor zinc ferrite 100 

IFO 9791 



INDUSTRIAL APPLICABILITY 

In accordance with the present invention, hardly decomposable 
harmful substances, which are contained in exhaust gas, industrial waste 
water (waste liquid) and ash discharged from incineration apparatuses 
and manufacturing facilities into the natural environment and 
accumulated in water and soil contaminated with such substances, can be 
effectively decomposed and converted into harmless substances by a 
microorganism producing laccase or laccase produced by the 
microorganism. The present invention can be applied, in particular, to 
decomposition of hardly decomposable harmful substances such as specific 
components in agricultural chemicals, materials and products in the 
chemical industry and specific chemical substances formed during 
incineration of garbage and industrial waste materials and hardly 
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decomposable harmful substances used as cleaning agents in the paper 
and pulp industry and industries related to precision machineries. 
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CLAIMS 

1. A process for decomposing hardly decomposable harmful substances 
which comprises bringing the hardly decomposable harmful substances 
into contact with at least one enzyme or microorganism selected from 
laccase and microorganisms producing laccase. 

2. A process according to Claim 1, wherein the hardly decomposable 
harmful substances are hardly decomposable aromatic compounds having 
6 or more carbon atoms or hardly decomposable halogenated hydrocarbons 
having 1 to 4 carbon atoms and at least one halogen atom. 

3. A process according to Claim 2, wherein the hardly decomposable 
aromatic compounds having 6 or more carbon atoms are at least one 
compound selected from dioxins, halogenated biphenyls, bisphenols, 
alkylphenols, halogenated phenols and esters of phthalic acid. 

4. A process according to Claim 2, wherein the hardly decomposable 
halogenated hydrocarbons having 1 to 4 carbon atoms and at least one 
halogen atom are at least one compound selected from 
monochlorome thane, dichloro me thane, trichloromethane, 
tetrachloromethane, monochloroethane, dichloroethane, trichloroethane, 
monochloroethylene, dichloroethylene, trichloroethylene and 
trichloropropylene. 

5. A process according to Claim 1, wherein the microorganisms 
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producing laccase is a microorganisms belonging to any genera selected 
from genera of Schizophyllum, Pleurotus, Trametes, Lentinus, 
Rhizoctonia, Funalia, Pycnoporus, Merulius, Myceliophtora, Coprinus, 
Agaricus, Pholiota, Flammulina, Ganoderma, Daedaleopsis, Favolus, 
Lyophyllum and Auricularia. 

6. A process according to Claim 1, wherein the hardly decomposable 
harmful substances are brought into contact with at least one enzyme or 
microorganism selected from laccase fixed to a support material and 
microorganisms producing laccase and present in combination with a 
support material. 

7. A process according to Claim 6, wherein the support material is at 
least one support material selected from activated carbon, charcoal, 
pumice, porous ceramics, alginic acid, ion exchange resins and 
photo -crosslinked resins. 

8. A process according to Claim 6, wherein the support material has a 
cylindrical shape or a sheet shape knitted using polyurethane foam, 
carbon fiber or a synthetic resin of a fiber form. 

9. A process according to Claim 1, wherein the hardly decomposable 
harmful substances are decomposed by bringing the hardly decomposable 
harmful substances into contact with laccase fixed to fine particles of a 
magnetic material. 
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10. A process according to Claim 9, wherein the fine particles of a 
magnetic material are fine particles of at least one magnetic material 
selected from maghemite, manganese ferrite, cobalt ferrite, nickel ferrite, 
zinc ferrite, magnetite and chromium dioxide. 

11. A process according to Claim 1, wherein the hardly decomposable 
harmful substances and at least one enzyme or microorganism selected 
from laccase and microorganisms producing laccase are brought into 
contact with each other in water or soil in pH range of 3 to 11. 

12. A process for decomposing dioxins which comprises bringing dioxins 
or coplanar PCB into contact with at least one enzyme or microorganism 
selected from laccase and microorganisms producing laccase in water or 
soil. 

13. An agent for decomposing hardly decomposable harmful substances 
which comprises at least one enzyme or microorganism selected from 
laccase and microorganisms producing laccase. 

14. An agent according to Claim 13, which further comprises a mediator. 

15. An agent according to Claim 13, wherein the microorganisms 
producing laccase are microorganisms belonging to any genera selected 
from genera of Schizophyllum, Pleurotus, Trametes, Lentinus, 
Rhizoctonia, Funalia, Pycnoporus, Merulius, Myceliophtora, Coprinus, 
Agaricus, Pholiota, Flammulina, Ganoderma, Daedaleopsis, Favolus, 
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Lyophyllum and Auricularia. 

16. An agent for decomposing hardly decomposable harmful substances 
which comprises at least one enzyme or microorganism selected from 
laccase fixed to a support material and microorganisms producing laccase 
and present in combination with a support material. 

17. An agent according to Claim 16, wherein the support material is at 
least one support material selected from activated carbon, charcoal, 
pumice, porous ceramics, alginic acid, ion exchange resins and 
photo-crosslinked resins. 

18. An agent according to Claim 16, wherein the support material has a 
sheet shape or a cylindrical shape knitted using polyurethane foam, 
carbon fiber or a synthetic resin of a fiber form. 

19. An agent for decomposing hardly decomposable harmful substances 
which comprises laccase fixed to fine particles of a magnetic material. 

20. An agent according to Claim 19, wherein the fine particles of a 
magnetic material are fine particles of at least one magnetic material 
selected from maghemite, manganese ferrite, cobalt ferrite, nickel ferrite, 
zinc ferrite, magnetite and chromium dioxide. 

21. An agent according to any one of Claims 13, 16 and 19, wherein the 
hardly decomposable harmful substances are hardly decomposable 
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aromatic compounds having 6 or more carbon atoms or hardly 
decomposable halogenated hydrocarbons having 1 to 4 carbon atoms and 
at least one halogen atom. 

22. An agent according to Claim 21, wherein the hardly decomposable 
aromatic compounds having 6 or more carbon atoms are at least one 
compound selected from dioxins, halogenated biphenyls, bisphenols, 
alkylphenols, halogenated phenols and esters of phthalic acid. 

23. An agent according to Claim 21, wherein the hardly decomposable 
halogenated hydrocarbons having 1 to 4 carbon atoms and at least one 
halogen atom are at least one compound selected from 
monochloromethane, dichloromethane, trichloromethane, 
tetrachloromethane, monochloroethane, dichloroethane, trichloroethane, 
monochloroethylene, dichloroethylene, trichloroethylene and 
trichloropropy lene . 
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ABSTRACT 



A process for decomposing hardly decomposable harmful substances 
which comprises bringing the hardly decomposable harmful substances 
into contact with laccase and/or a microorganism producing laccase and 
an agent for decomposing hardly decomposable harmful substances which 
comprises at least one selected from laccase and microorganisms 
producing laccase. The hardly decomposable harmful substances can be 
efficiently decomposed and converted into harmless substances with the 
microorganism exhibiting excellent stability in production of the enzyme. 
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Declaration and Power of Attorney For Patent Application 




Japanese Language Declaration 




Stt* 




As a below named inventor, I hereby declare that: 




My residence, post office address and citizenship are as stated 
next to my name. 


Tic»«**©?&lfllcWLT»#i&ffltciafRS*U *l¥FffllHLT 
T&*i:flUTi>*-r o 


I believe I am the original, first and sole inventor (if only one 
name Is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

PROCESS FOR DECOMPOSING HARDLY 


DECOMPOSABLE HARMFUL SUBSTANCES AND 


AGENT FOR DECOMPOSING SAID SABSTANCES 


(m^-rzmts) kites*.* Lfc„ 


the specification of which 

□ is attached hereto. 

El was filed on September 25, 2000 
as United States Application Number or 
PCT International Application Number 
PCT/JP00/06566 and was amended on 
(if applicable) 


*«fcb-a >s ctzzz \zm\ u * -r 0 


I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 


*au a»«»jas*m37«»i*5&e»c^«s*tsi:ij»), nit 
*6*i- 0 


1 acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations. Section 1.56. 
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Japanese Language Declaration 

(B*»M») 



&(i,-*9&'*flS35flU9£ (a) - (d) 31X1*365* (b) Site 



Prior Foreign Application^) 

270392/1999 
(Number) 
(*#) 

208788/2000 
(Number) 



Japan 



(Country) 

Japan 



(Country) 



fttt. SB35«*ISffi*119* (e) mizm-H >-CTIS^>*ffl^fF 



(Application No.) 



(Filing Date) 
(1MB) 



365* (c) i:a^<I|iJ*c;c4«Lit 0 ^tij^©^- 



(Application No.) 

<aj®##) 



(Filing Date) 

(tama) 



(Filing Date) 
(tiHUB) 



(Application No.) 

.^ite*ft©*W2aaf**vt|^lf©fT3»(±*Hat*»18«iSll001 



I hereby claim foreign priority under Title 35, United States Code, 
Section 1 19 (a)-(d) or 365(b) of any foreign application (s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

24/09/1999 m □ 



(Day/MonttvYoar Filed) 
(H11WM3B) 
10/07/2000 

(Day/Month/Year Red) 
(tfil8l¥£B) 



Yes 



Yes 

tti> 



No 

□ 
No 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application^) listed 



(Application No.) 



(Filing Date) 
(tiJIBB) 

f hereby claim the benefit under Title 35, United States Code, Section 
1 20 of any United States applications), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Status: Patented, Pending, Abandoned) 

mm ■. niff iff «j9fs mm*, mmm) 



(Status: Patented, Pending, Abandoned) 

oam : ismm*sm. mm*, mmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 

(0 



&*i v *H&&ffS35«ail9;fc (a) - (d) JSXti365* (b) Wz 
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Prior Foreign Applicarion(s) 

211258/2000 
(Number) 
(*») 

213613/2000 
(Number) 



Japan 



(Country) 

Japan 



(Country) 

<a«) 



(Application No.) 



(Rling Date) 

(HJJBH) 



365* (c) i:S^<^J*^:i:±^U^t„ *ffl8B(D«- 
»*«BB©nS***H»*m35«112*^13KX<t«ft ! lF«A*»-r 

HiJ^HIB37iHl*56JK-C^«?^#l ! rS«0«««tzBi-r-Sfiil 



(Application No.) 



(Application No.) 



(Filing Date) 
(ttiHFJ) 



(Filing Date) 
(HJIB0) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



12/07/2000 



(Day/Month/Year Filed) 

14/07/2000 
(Day/Month/Year Filed) 



Priority Claimed 

h □ 

Yes No 

m □ 

Yes No 



I hereby claim the benefit under Title 35, United States Code. 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 
(ttiSKM) 



(Filing Date) 
(HJHB) 
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I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States applications), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United Slates Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

mm. ■. ttfrWfBjm. «*«) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon, 
of 5 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



Norman F. Obion, Reg. N o. 24,618; Marvin J. Spivak, Reg. No . 24,913: C. Irvin McClelland, Reg. No. 21,124 ; Gregory J. Maier, Reg. No. 
^ 25.599: Arthur I. Neustadt, Reg. N o. 24,854 ; Richard D. Keily, Reg. N o. 27.757^ .lamBs D. Hamilton, Reg. No. 28,421 ; Eckhard H. Kuesters, 
Reg. N o^ 28,870; Robert T. Poiis, Reg. N o. 29,099; Charles L. Gholz, Reg. N o, 26.395: William E. Beaumont. Reg. Ho. 30,996 ; Jean-Paul 
Lavalleye, Reg.Tsl p. 31,451; S tephen G. Baxter, Reg. N o. 32,884 : Richard L. Treanor, Reg. Na_a&379; Steven P. Weihrouch, Reg. No. 
_32,829; John T. Goolkasian. Reg. No. 26,142 ; Richard L. Chinn, Reg. No^L^O*^ Steven E. Lipman, Reg. N o. 30.01 1 ; C arl E. Schlier, Reg. 
No. 34.426; James J. Kulbaski, Reg. No. 34.648; Richard A. Neifeld. Reg. N o. 35,299; J . Derek Mason, Reg. N o. 35,270; S urinder Sachar, 
Rep. No. 34,42 3; Jeffrey B. Mclntyre, Reg. No. 36,86 7; William T. Enos, Req.K lo. 33TT2 & Michael E. McCabe, Jr., Reg. No. 37^8^. Brad ley 
D. Lytle, Reg. N o. 40,073 ; and Michael R. Casey. Re'g. No. 4Q.294 , with full powers of substitution and revocation. 



Send Correspondence to: 

oslon, spivak, McClelland, maier & neustaot, p.c. 
fourth floor 
1755 jefferson davis highway 
arlington, virginia 22202 u.sa. 



Direct Telephone Calls to: (name and telephone number) 
(703)413-3000 





Full name of sole or first joint inventor 
Takahiro KAWABATA 




Inventors signature / * ~? Date 

^Aajf^ \^JIJ^ March 13 ' 2002 


am 


RSSKle '^_^Chiba\^ Japan ^ 


mm 


Citizenship 

Japan 




Post Office Address 

1280, Kamiizumi, Sodegaura-shi, Chiba, Japan 








Full name of second joint inventor, if any 
Hideo MIYAMOTO 




Second joint Inventor's signature Date 

111. ^Hcr^fr— March 13 ■ 2002 


&m 


Residence \ y — - q 

-_____Chiba^ Japan ^\^X 


mm 


Citizenship 

Japan 




Post Office Address 

1280, Kamiizumi, Sodegaura-shi, Chiba, Japan 







m=.l!i.&<D&mftm& izii bmWztZni^ m%-r * C t ) (Supply simnar information and signature for third and subsequent 

joint inventors.) 
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Japanese Language Declaration 

(B#sreM) 





Full nstm© of third joint invsntor, if sny 
Motoshi SUZUKI 


IB=fl>^BI5BW#©«« Btt " 


Third joint Inventors signature Date 

^^fC^O ZS-Z-J^^ March 13. 2002 


am 


Res ^Q£!_ChibjT^ Japan — 


B» 


CSfeenShi P Japan 




Post Office Address 

1280, Kamiizumi, Sodegaura-shi, Chiba, Japan 










Full name of fourth joint inventor, if any 


mra©#raisiui#<z>»« Btt 


Fourth joint I nventor's signature Date 




Residence 




Citizenship 




Post Office Address 










Full name of fifth joint inventor, if any 




Fifth joint Inventor's signature Date 




Residence 




Citizenship 




Post Office Address 










Full name of sixth joint inventor, if any 


mxo&m&mmvm* era 


Sixth joint Inventor's signature Date 


<£M 


Residence 


s» 


Citizenship 




Post Office Address 
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